While I was an undergraduate at Indiana University, I attended a lecture by Parker Lichtenstein illustrating the absurd popularizations of scientific concepts exemplified by the book, "Newton ism for Young Ladies," which appeared soon after the publication of Sir Isaac Newton's mechanics. Although popular treatments of quantum theory are rife by the latter half of the 20th century (Hayward , 1997) , no one has offered a treatise on that subject comparable to the book for young ladies. While I am intrigued with the possibilities that quantum mechanics may offer the analysis of behavior, I am mindful of the possibility that I might perpetrate an equally silly oversimplification of concepts in a field not my own. Although Einstein's popular treatments of his special and general theories of relativity are delights of clarity (Einstein , [1916] , 1961), I found it necessary to repair old and learn new physical and mathematical concepts even to follow the technical arguments on which the present extension is based (Lorentz, Einstein, Minkowski, & Weyl, 1952) .
I am indebted to several authors for their unpretentious and lucid writings in the field of quantum theory (Bohm, 1997; Feynman, 1965; GellMann, 1994; Lederer, 1993) . James Gleick offers a similarly lucid introduction to chaos theory, which I belatedly found to be relevant to behavioral research I once pursued (Gleick, 1988) . Chaos theory has been variously defined, but perhaps one of its simpler statements is that it has to do with order without periodicity. Others have opened an awareness of the wondrous possibilities of quantum mechanics for the study of the origins and fate of the universe (Hawking, 1988; Tipler, 1994) . Although I can not claim fluency in the languages of these various fields, I can follow simple directions on the cosmological map and know where my speculations fit in. Murray Gell-Mann, Carl Sagan, and perhaps Stephen Hawking would give short shrift to my hunches, but I have taken advantage of the complexities of the field to squeeze into a small, but possibly comfortable niche where I can explore the possible, and perhaps even intellectually respectable implications of modern physics for the study of behavior.
I am especially indebted to two of my teachers. Jacob R. Kantor's "interbehaviorism" first attracted me to the field of psychology. Kantor was better known and appreciated in Europe than he had been at home partly because his breadth of interests and general epistemological sophistication far outstripped most of his contemporaries. B. F. Skinner remains the psychologist most likely to be posthumously voted bete noire of the century for mentalistically inclined critics of behaviorism. Generally, these critics have confused rigor with rigidity. Skinner, of all the 20th century behaviorists, was the most open to new developments in the field. Although Fred Skinner wrote one of the most damning critiques of the Rhine ESP experiments, he would have been first to accept so-called paranormal phenomena had they been verified, for he had no theoretical objections that would stand in the way of accepting data. Skinner's general attitude is best revealed in his words, "The subject is always right."
The so-called mind/body problem was initially presented to me as the most vexing obstacle for either the development or acceptance of a complete behavioral theory. When I first heard about it, I was struck by its similarity to a problem in physics. In a high school science class, I first learned of the apparent contradiction between the corpuscular and wave natures of light. Although quantum physicists had resolved the contradiction well before I ever heard of it, the cultural lag between the works of Max Planck and Erwin Schr6dinger and their eventual diffusion into high school science curricula meant that the science teachers might as well have been on another planet for all their awareness of the implications of Schr6dinger's cat's mysterious demise/survival (Gribben,1984) .
The contradiction between the corpuscular and wave forms of light at one time was no less troublesome for physicists than the mind/body problem has been for philosophers and psychologists. Metaphorically, "mind" is suggestive of the wave function of light, with body as its corpuscular correlate. I am aware that such a simplistic reduction of the human organism to concepts appropriate to the photon and the electron carries enormous risk. A human body, weighing in at a minimum of 100 pounds, is comprised of a vast aggregate of subatomic particles. The cerebral cortex alone contains as many as a billion nerve cells, and a single nerve cell consists of a similarly vast number of molecules made up of atoms of carbon, oxygen, potassium , calcium, hydrogen , and other elements. Each of those atoms is further fractionated into subatomic particles. It appears that physicists are unlikely ever to subject complete atoms, to say nothing of molecules to the kind of experimental analysis that has yielded our present knowledge of quantum phenomena. A practical application of such concepts is even more elusive. It has been estimated that the entire energy output of the sun would be required for Scotty to beam Captain Kirk up to the bridge of the Starship Enterprise from an alien planet (Krauss, 1995) , and presently it seems that a linear accelerator light years long would be needed to tease out the subatomic structure of a large molecule. Nevertheless, compelling analogies make the equation between mind/body and photon/wave somewhat plausible. It has already been suggested by others that consciousness, or awareness, is a quantum process (Zukav, 1979) .
Without specifying what would have had to have been fictional underlying biological correlates, Kantor had no problem viewing consciousness as an integral concept for analysis (Kantor, 1924 (Kantor, , 1926 . Psychophysics profitably studied human responses to physical events. Every sensory window is responsive to energy in wave form. We hear sounds because sound waves impinge upon eardrums, the hammer, anvil, and stirrup bones of the middle ear; and standing waves in the cochlea differentially discriminated by the organ of Corti end up as complex neural wave forms. Sight is a direct response to approximately 1 quantum of electromagnetic radiation of wave lengths of somewhere between 400 to 700 millimicrons. Odorous substances show a displacement between incident and reflected light spectra known as the Raman shift. Even skin senses respond differentially both to infra red radiation and electrostimulation. Sensations, such a pressure, heat, tickle, can all be produced by varying the chronaxie, an electrical pulse varying in length of time. Heat lies in the infrared portion of the electromagnetic spectrum, and information passes from one part of the body to another in those wavelengths. Finally, the rhythms of the body, whether pulse, EEG, breathing, sleeping, or digestion are cyclical. Sensory responses are not only to wave forms of various forms of energy, but living organisms occasionally respond directly to energy without the mediation of sensory organs. The migration of birds navigate along electromagnetic lines of force, and the flight of homing pigeons is disrupted by electromagnetic fields. In a graduate seminar, Marvin Minsky once told of the experience of a graduate student at MIT, who one evening stuck his head into the D of a cyclotron to see what happened when the device was turned on. He reported that when the switch was thrown, his friend "saw a beautiful rose blossom." The visual response had to be to a powerful electromagnetic field directly affecting, at least, the visual cortex.
Physicists are quick to point out that we will never directly encounter the fundamental facts of particle physics. The particles that make up our cells and organs are randomly distributed in space, so we and the objects that surround us are, practically speaking, solid bodies. Although the individual atoms of our bodies are separated from one another by relatively enormous spaces as are the atoms making up walls and doors, we can not walk through them. On a macroscopic level, we remain prisoners of the classical laws of Newtonian mechanics.
However, no matter how buried a single particle may be in a heterogeneous mass of matter, its wave form continues to exist. Additionally, interacting waves leave indelible changes on one another, a phenomenon known as wave phase entanglement. The body can therefore be assumed simultaneously to exist in a characteristically complex wave form. Such a complex mass has been called a holon in recognition that it is a superparticle subject at some level to the laws of quantum physics (Hayward,1997) .
I therefore concluded that what we have historically called "mind" is simply the unmediated response to external and internal wave forms by the holon. Pavlov explicitly explained consciousness by what he called the second signaling system where certain cortical processes are dedicated to responding to other cortical processes. The difference between his conception of awareness and the present one was his locus of the events. He proposed that they reside within the cerebral cortex, while we assume that those cortical events are ultimately derivative of an underlying physical reality. This is not simple reductionism, but rather I propose that both behavior and presumed physiological events such as neurobiotaxis are consequences of wave phase entanglement. Our bodies are the public objects of perception by others: Awareness is what the system sees of itself from within. This physical parallelism eliminates a need for a shadowy nonmaterial "mind."
The implications for behavioral analysis are vast. Since the 17th century we have assumed that we live in a mechanistic universe bounded by the three dimensions of physical space. Although Einstein improved on the system by adding the continuum of time as a dimension and recognizing relativistic frames of reference as opposed to the absolute concepts of Newton, Sir Isaac would have been right at home in a universe of special or even general relativity. On balance, both gentlemen would have been uncomfortable in the quantum universe. Einstein was: His famous dictum to the effect that God does not shoot craps with the universe clearly revealed his distaste for the statistical basis of quantum theory.
Einstein's theories initially were speculative. It was not immediately apparent how they might be subjected to empirical test or verification, nonetheless, they were eventually so tested and verified. At the risk of making bad physics, I will speculate about certain recent developments in the field. Physical laws relate space, time, and mass. Imagine for a moment that mass has become infinite, and space and time are reduced to a quantity that is so small as to be indistinguishable from zero. This is what many cosmologists now believe happened when the universe first came into being. Physical laws as we know them could not exist under those conditions. With that explosion, the universe has partially unrolled, and four of its now estimated ten dimensions are extended. These give us Minkowski's four dimensional space-time which we recognize as our immediate reality. Heterotic superstring theory postulates that six additional dimensions remain rolled up in doughnut-like strings with a diameter of 10-32 centimeters (Davies & Brown, 1988) , so direct sensory experience is of only about 40% of this universe. Physics is concerned with exploring the remaining 60%.
Barring a cosmic cataclysm that would certainly eliminate us as observers of the same, we shall never see those dimensions unrolled. However, every particle of matter has coordinates in every dimension, so in a sense, we already exist inside all ten dimensions, although we can have no sensory knowledge of the fact. We specify the locus of an event by x, y, z, and t coordinates in space/time. It is plausible to presume assignments of coordinates for each of the remaining six dimensions as well. The suggestion that objects located within a coordinate system that extends over distances of at fifteen to twenty billion light years could also have unique coordinates in dimensions of 10-32 centimeters seems absurd on the face of it. The suggestion is rescued from absurdity by the transfinite mathematics of Georg Cantor (Hahn, 1930) , and by the locus of matter in space-time. Cantor demonstrated that two denumerably infinite sets, To, are equal. A line several parsecs long is such a denumerably infinite set, as is one that is only 10-32 centimeters long . The distribution of points is isomorphic within such diverse sets or continua.
Einstein rejected quantum theory because of the experiment for which Bell devised his theorem (Herbert, 1985) . If light is split by a prism into two separate beams, and one of the beams is polarized, the light in the other beam is immediately polarized in a plane 90 0 to the first. The change in polarization seems to be instantaneous, which violates the limitation of 300,000 kilometers per second imposed upon the speed of light by relativity theory. The phenomenon does not require velocities faster than light if the higher dimensions of superstring theory are real dimensions and not singular attributes. Propagation of a wave form at light speed across a distance of 10-32 centimeters of one of these dimensions occurs in an interval of only 3.33x10-40 seconds. Operationally, such an interval is instantaneous. Information moving at the speed of light across such distances, effectively spans a dimension of a finite universe before any appreciable propagation of photons can occur in space-time. Information concerning the polarization of light in one beam might well alter the polarization of light in the other, no matter how far they are separated in space-time, thus resolving the problem of nonlocality without violating the limiting value of c, 300,000 km/second .
Psychology has had a previous brush with quantum mechanics. Carl Jung proposed the term "synchronicity" to account for correlated anomalous events that many scientists prefer to dismiss as coincidental. Jung felt that such events were more than mere coincidence. For Jung, any phenomenon in nature was of two kinds, physical and conscious. Normally, the two aspects are correlated in time. Jung argued that GREEN occasionally the conscious experience of an event can get out of synchrony, so to speak, say, by a premonition or dream about an event which then subsequently occurred as a physical fact (Jung, 1961 ). Jung's notion of synchronicity matured from his conversations with the Nobel Laureate, Wolfgang Pauli. Pauli received the prize in 1945 for his contribution of the exclusion principle which states that two similar particles can not have both the same position and the same velocity within the limits given by the uncertainty principle (Peat, 1987 ). Jung's interest frankly was to include what have been called "paranormal" experiences as accepted and legitimate subjects for scientific inquiry. Jung's hopes, however, were unfulfilled, and synchronicity remains today an oddity almost exclusively associated with Jung himself. At the time of Jung's death, heterotic superstring theory was not yet on the scene to offer a possible mechanism for the kind of anomalous events that interested Jung.
In 1984 a superstring theory was proposed that the basic objects of the universe are not particles but things that have a length and no other dimension. Exactly what kind of mechanism superstring theory offers depends on the nature of the strings. Heterotic superstring theory postulates the existence of ten instead of the classical four dimensions of space-time. How these dimensions might be visualized is difficult to imagine. Mathematically, they could correspond to different classes of numbers. Although the velocity of light is a limit in space-time, the Lorentz time dilation equations have interesting solutions for cases in which the velocity of a space craft exceeds the speed of light. These solutions include the square root of a negative number, the values of associated mass, length, or time would then be imaginary numbers. Moreover, the exponent for an equation describing a complex wave includes the square root of -1 , which is the imaginary number i. If an unnamed dimension could link to imaginary space, another might link to a field of transfinite numbers which could be useful for the many worlds, or many histories, interpretations of quantum mechanics (Tipler, 1994) . At the present time, however, relating these dimensions to specific mathematical or physical concepts remains an exercise in speculative fantasy. As for the operational status of the theoretical notions of superstring theory, the only ''fact'' at this time is that someone has proposed their existence. If they do exist, it is unlikely that they are a part of the fine structure of the cosmos by chance.
Gell-Mann believes that the unfolding of the future occurs with indifference. For him, no guiding intelligence directs the processes of evolution either toward a higher order of organization or toward absolute perfection. Opposed are the arguments of Pere Teilhard (Chardin, 1959) who sees a striving of nature toward the perfection of the so-called Omega Point, counteracting thermodynamic heat death. The apparent impossibility of empirically resolving these arguments leaves the disputants with their respective predilections for optimism, pessimism , or arrogance. Nevertheless, information transferred through or along the six remaining dimensions opens the field not only to a consideration of nonlocal determinants of behavior, but to the expansion of the scientifically permissible domain of research.
Electrons are not things; waves, in general, are not things. If we row a boat into the middle of the lake and dip a bucket into the water; as we ride the crest of a wave, we do not scoop up the wave. We capture a bucket of water: the wave moves on. It is estimated that every seven years, we replace every cell in our bodies, yet we retain not only our personal identities, but our form as well, give or take a few wrinkles, sags, and gray hairs. Something about the wave character of the DNA, or the holon, maintains the integrity of the system regardless of the particular (pun intended) matter involved in its propagation at any given time. Whatever we are does not depend upon specific particles. When one atom or molecule is lost from the aggregate, another is acquired , and the dance goes on .
Sound waves travel through air, water, and just about any other solid, fluid, or gaseous matter. Although the ancient concept of an aether was discredited by the Michelson-Morley experiment, current thinking has returned to the opinion that space is not really empty and that matter can really be created ex nihilo. One medium can replace another in the propagation of waves. That being the case, it is possible that the wave form that defines, or is defined by, whatever we are is also medium independent.
The most cogent criticism of so-called paranormal phenomena such as ESP has been the inability to demonstrate a medium of communication. One can not modulate a carrier beam that does not exist. In contrast, if space is not empty, a potential medium exists through which a wave form can be propagated. Einstein insisted that objects are spatially extended rather than that physical objects exist in space. For him, the concept "empty space" had no meaning (Einstein, 1961) . Minkowski space-time involves dimensions extended at the initial singularity. If the boundaries of physical reality can legitimately be expanded, a plausible physical basis exists for thinking that so-called paranormal or supernatural phenomena are natural events, and, as such, deserve serious scientific consideration.
Broadening the domain of the natural does not imply the necessity for special rules or methodology for scientific inquiry. The same logic that has hitherto given us classical physics should be everywhere applicable. No arcane or mystical notions can ever replace rigorous scientific research. As far as the mind/body problem is concerned: Science as method has not been at fault. The problem has lain with the application of a limited theory, namely, determinism to nonlinear behavioral processes. Research in a nondeterministic paradigm will not radically differ from previous research , for nature is consistent no matter what dimensions of reality are involved. What has worked before will continue to work in a universe whose entrance boundaries are set farther apart. The major difference will be in the range of questions that we may now legitimately ask.
A central problem for quantum theory has to do with the way the wave function is collapsed by the act of measurement. The wave consists of a distribution of probabilities having to do with the actions a particle can take. It can potentially move in any direction, but when measurement occurs, all possibilities other than the one which is measured no longer exist. This alteration of probabilities is what is meant by the collapse of the wave function.
An organism in a novel situation also has the benefit of a wide range of possible actions before the consequences of an action lock that new response into the organism's repertory. The reinforcing event that shapes behavior actualizes one of the many possible behaviors, just as the act of measurement actualizes one of the possibilities of the wave function. So seen, response differentiation is therefore analogous to the collapse of the holon wave function, externally observed.
Stimulus sampling theory assumes that learning, or the exchange of response probabilities, is a statistical process, and it explains what happens when an organism learns to make a new response (Estes, 1950 ). An organism engages in a series of acts, each of which interferes with preceding acts until a lucky response terminates the situation. Competing behaviors disappear because subsequent actions interfere with previous behaviors until only the response that survives is the one that works to terminate the situation. The elimination of competing behaviors is mathematically equivalent to the collapse of the physical wave function. One difference between learning and the transformation of the quantum wave is that in the analysis of behavior, we can observe the variety of behaviors as they occur: By definition, no one sees what takes place in the quantum wave before observation or measurement has occurred. Reinforcement of a response reduces the number of alternative responses the organism will make. Both particle measurement and measurement of behavior are arbitrary events imposed on the order of things.
Before learning has occurred, the organism is uncertain as to the solution to a problem in which it is engaged . The act of measurement eliminates the uncertainty for the electron, and reinforcement resolves the uncertainty of the organism. The organism can and does engage in a variety of actions that might resolve the problem until it hits upon the one that does. We sometimes say that it "knows" something it did not know before. In a definite sense, the organism realizes the correct response after measurement (and reinforcement) have occurred. The interaction of an organism with its environment means that wave forms of the individual and objects in that environment are coming into contact with one another. At the subatomic level , physical interaction results in wave phase entanglement. Neurophysiologists have long sought the biological correlates of learning. It is exciting to speculate that physical wave phase entanglement itself instead of events at the level of synaptic growth or transmission may be the fundamental basis of learning or memory. In any case, wave phase entanglement is possibly the basic event underlying human learning and memory. It is also consistent with interbehavioral concepts. Kantor objected to the unidirectional arrow depicting stimulusresponse behavioral segments. Moreover, Kantor, unlike Watsonian behaviorists, recognized the terminal response such as a lever press as only the last link in the functional relationship he called the behavior segment. Kantor specified a sequence of reaction systems starting with what he called precurrent reaction systems, consisting of the attending and the perceptual, which are necessary precursors for the consummatory reaction system of the observed or measured lever press. Intriguingly, the precurrent response system has its exact analog in Bohm's explanation of wave function collapse, namely, the pilot wave. The so-called neorealists have proposed that some form of communication occurs immediately before a particle is measured. The only way that such communication can occur in space-time is for information to be propagated faster than the speed of light. As noted above, however, this is not an insurmountable obstacle, given the implications of superstring theory. Probabilistic models of the type employed in the study of learning might illuminate the nature of the quantum jump. This notion does not imply that a pilot wave "knows how to get to the screen ," but neither do we know that a cat "knows how to get to the saucer of milk." Both get to where they go as a consequence of similar effects on a range of preexisting response probabilities.
If the proposed analogy between wave form and awareness is ever to be more than fantasy, operational evidence must support it. The wave form of a particle is operationalized by the observation of phenomena such as interference bands. Does evidence exist in the study of behavior? Because nonlinear equations are appropriate to the analysis of behavior in stochastic models such as that of W. K. Estes, the answer must be "yes." A mathematician named Benoit Mandelbrot coined the word fractal for the geometric shapes and patterns generated by repeating nonlinear processes. Similar fractals may turn out to be the equivalents of interference bands in nonlinear behavioral functions. Phase space is a powerful concept where the state of a given system is represented by a single point. Changes in the state of the system as they are geometrically represented draw complex patterns. The regularities inherent in what is seemingly a random process produce what have been called "strange attractors." These strange attractors emerge as the replicating cores of fractal generation (Gleick, 1988) . In behavior, these may turn out to be the "leitmotifs" of individuality. As a first step, serious study of human behavior must explore whatever strange attractors are generated within the apparently random chaos of human behavior. Such strange attractors should appear in the kind of iterative behavioral sequences that occur in statistical learning processes.
Programs of research are needed to evaluate some of the more radical implications of the paradigm shift away from determinism. Specifically we should find ways to test the hypothesis that awareness is the direct experience of the complex wave form of which the body is composed. It is probably a good idea to reexamine the entire domain of anomalous events that includes the paranormal. Past research in this field has been unsatisfactory for a number a reasons (Hansel, 1966) . The unreliability of laboratory research into such areas as ESP is such as to suggest that ESP effects are no more than statistical aberrations and/or artifacts. If runs of trials that compensate long term response probabilities are not simply the working of the law of large numbers, the data suggest that both local conditions and subject variables may adversely affect the results of such experiments. If the inventor of the first crystal radio receiver had used a blob of melted aluminum instead of lead sulfide, he would not have invented it. More precise specification of subject characteristics and other situational variables should reduce error variance to an acceptable level in such experiments.
It has been found that persons who report paranormal experiences more frequently than others tend to display characteristic syndromes of attitude and beliefs. Even if those data only reflect differences in gullibility, it should be distributed among the population in much the way as are more prosaic psychological characteristics. If, on balance, we reliably identify sensitive subjects, we can then begin to ask why some people are more receptive than others. The physical conditions of an experimental setting may adversely affect such research. Failure of past research in this area has demonstrated how critically important it is to control for extraneous media of communication .
The special theory of relativity regards time as a transitive dimension, and no matter how far fetched it may seem, we must consider the possibility of inputs from future sources. The Wheeler-Feynman model of advanced waves provides that information can move backwards in time (Herbert,1989) . According to this model, future information is normally swamped by the blast of energy from the past originating with the Big Bang. An analogy exists to seeing stars in daylight. Stars are theoretically visible at high noon , but one must crawl into a deep well to see them. Ambient sunlight normally swamps perception of the weaker starlight, but shading oneself from the ambient light improves the signal to noise ratio, and, bingo, the stars appear. Might it also be possible for a similar shading from the ambient energy from the past to improve the signal to noise ratio of future information?
Experimentally, we might explore the possibility that suggestion, certain meditation practices, and perhaps even drugs could have that effect. A research program might begin by looking for people who have reported high sensitivity and then determine the conditions under which they do their best work. Although most previous research has come up empty with satisfactory evidence for the paranormal, the United States Department of Defense and the Central Intelligence Agency have invested substantial amounts of money in a project code named Stargate whose purpose was to investigate socalled "remote seeing:' Researchers at Princeton Experimental Anomalies Research laboratory have replicated some of the classified data generated by government sources and presently continue to explore remote seeing. Even though statistically significant results were achieved, the Central Intelligence Agency allegedly abandoned the project because "it did not realize any military advantage." Morality has never impacted the conservation of matter or energy nor does it have the compelling force of operations such as deprivation or aversive techniques of control which seem to initiate something like Bose-Einstein Condensates in neural recruitment and the like (Zohar, 1990) . With the rejection of determinism, the individual once again has the ability to choose which in turn restores his personal responsibility. With personal responsibility, questions of morality inescapably reenter the picture. In the larger universe, more subtle variables than hunger and pain may come into play.
Psychologists have naively assumed that Newtonian mechanics is an appropriate model for a science of human behavior. Although the notion that behavior is determined seems a harmless enough assumption for laboratory studies, its application to human affairs is pernicious in the extreme. How can society hold a criminal responsible for his or her actions when vague societal variables are the ultimate villain? There are no villains, only victims. The result of this extension of deterministic thinking has made chaos of the so-called system of justice. If the associated social problems were only the transitional growing pains of a society, reaching toward a better synthesis, they could be tolerated.
We have thought that traditional conceptions of personal responsibility were wrong, and that popular views of the determination of behavior are better justified scientifically. If so, so much the worse for tradition. The failure of behavior to display a return to the steady state implied by ontological determinism refutes that argument. If behavior were ruled by determinism, anything that upsets the equilibrium of the system does so only temporarily. As soon as the intervention ceases, the system would return to the original state of equilibrium. Behavior, human or otherwise, does not act this way. An intervention, no matter how minor, sets in motion a divergence that continues indefinitely. No organism, or holon, if one prefers the term, is ever the same after encountering the consequences of behavior. The person who learns a foreign language or higher mathematics is no longer the same person as before the experience. The person who has been kissed for the first time with serious intent can never return to the state of innocence either suffered or enjoyed before the kiss.
John B. Watson set the tone for American Behaviorism by seeing Pavlovian conditioning as the fundamental paradigm for learning. Pavlov found that one might substitute a stimulus for another which biologically determined a specific response such as salivation. Pavlov's procedure did not provide for changing the form or topology of the behavior. He started with a salivating dog and ended with a salivating dog. The difference was that originally the dog salivated only to food or a mild acid: It ended by also salivating to a previously neutral stimulus such as a bell or a tone, and the relationship seemed to meet the criteria for ontological determinism.
The operant response, in contrast, was "emitted." No immediate causal , or "eliciting," stimulus is required, as with the Pavlovian procedure. Skinner's concept of the operant has made it easy to recognize the possible relevance of quantum theory to psychology (Skinner, 1938) .
Occasionally some have naively equated operant behavior with "voluntary" behavior and Pavlovian with "involuntary." Skinnerians used to shudder at this equation, but in the end, it may not have been far off the mark. How radically such behavior deviates from the deterministic requirement of a return to a steady state after intervention is illustrated by an incident that occurred while I was as an assistant in Skinner's lab. While repairing apparatus that programmed the administration of reinforcement, I dropped a screwdriver onto the control panel, shorting out a circuit that set up reinforcement for the next response. The experimental animal had been working for several weeks on a schedule which reinforced every two hundredth response. A remarkably stable cumulative response curve resulted. The accidental reinforcement occurred about twenty responses after one of the scheduled reinforcements. That one accidental reinforcement produced an anomalous pause in the cumulative record that persisted for the remainder of the time that we continued to run that particular animal. The animal's response never returned to the state that existed prior to the accident.
Every experimental psychologist knows that one's greatest enemy in the effort to reject the null hypothesis is error variance that defies all efforts at control. In the naive faith of determinism, one could always rationalize that if control were only more complete, residual variance would eventually vanish. Psychologists have always compromised their faith in determinism with the realities of research . We may find certain functional relationships that persist over a limited domain of the xvariable, but only when local variables are very strong and where the dependent variable, behavior, is an average. Such generalizations are valid only as special cases where boundary conditions are restricted. The early laboratory research of Skinner and his students is to a complete science of behavior as Euclidean is to Riemannian geometry. Within the limits of the domain of variables Skinner and his associates investigated, the operant research of the 20th century is not wrong: It is simply incomplete.
The basic assumption underlying both religion and law in Western civilization has been that one "chooses" from among several courses of action. Determinism does not admit such a possibility, but quantum theory reestablishes the legitimacy of that assumption. Freedom implies responsibility, and responsibility for one's actions is a stranger to our present culture. The ramifications of placing freedom and responsibility back in the center of human affairs must revolutionize the institutions of Western society. Thinking is a quantum event, and although we may not directly detect it in others, it does manifest itself in what follows. The idea is father to the word, and the word father to the act. Acts, of course, are publicly verifiable events.
For the past three hundred years, what we normally dismiss as the supernatural or miraculous has been defined out of existence even by biblical scholars (Crossan, 1991) . The unfortunate result has been one that much of what is most important in human experience has been thereby ruled out of bounds for scientific investigation. At last, physical theory has broken free of the limiting conceptual restraints that have crippled psychology. In short, we may finally envision a comprehensive science of behavior. It may be fairly said that, in the past, those psychologists who elected to concentrate on the "mental" side of the equation have done their work with both feet planted squarely in midair. I personally can vouch for the fact that those who have focused on the purely corporeal have done so blindfolded by a preconception that has prevented them from seeing more of the game than their rules have allowed . Finally, we have a physical model that is friendly to the most fundamental human experience; namely that of our own awareness.
